Reproduction Quality Notice

This document 1s part of the Air Technical Index
[ATI] collection. The ATI collection is over 50 years
old and was 1imaged from roll film. The collection has
deteriorated over time and is in poor condition. DTIC
has reproduced the best available copy utilizing the
most current imaging technology. ATI documents
that are partially legible have been included in the
DTIC collection due to their historical value.

If you are dissatistied with this document, please feel

free to contact our Directorate of User Services at
[703] 767-9066/9068 or DSN 427-9066/9068.

Do Not Return This Document
To DTIC



AIR DOCUMENTS DIVISION

."::’:_5::?';:!; “ | N _ ’ .

 HEADQUARTERS AIR MATERIEL COMMAND
| WRIGHT FIELD, DAYTON, OHIO




US GOVERNMENT

IS ABSOLVED

. &

FROM ANY LITIGATION WHICH MAY'

. 4
- "

ENSUE FROM THE CONTRACTORS IN -

FRNGING ON THE FOREIGN PATENT

_ RIGHTS WHICH MAY BE INVOLVED.




Do

3 3 £ x

T e e e ———————




Report No.

AUTHOR- Jemes H. Moore
Depr: Metals
DaTE: fpril 2, 1947

SuBJECT: Exyerimentsl Hents of .lloy etals

4 AR DOCUMENTS 1°ns i, T1-2 |

AMC, WRIZIIT 552D

MITR2G P 2

P

RC-F : TS5

P et 2 Wil - e et it i
. " -
g S—— - s
T e T Tt [
o ai— ——— "

NATIONAL RESEARCH CORPORATION
BOSTON 15 MASSACHUSETTS




PRGGRESS RIPO:.T
Jenuary 1 shrouzh Laech 1

Contract W-23-0535 Orpa 1046

"Expurimertal Heats of Alloy Metals!

Jde E. Moore

National Research Corp,
Bosten 15, Magancinsetts
April 2, 1947




»

3

4

SREE 2

vy

X A"l

X}
4

A

1
&

R

i NN A
-i ::;‘t- l_"-

STIMMARY

Work on thl: projasct has nrogresced slong the following
lines since the lart report: experimental purificetion of alectrolytic
chromiwt ., constructic~ of 23quijmant for large scale purification and
reduetion of chromiun oxid:, “Auvalovment of furmacer and techniquea
svitable for the melilag aad :nmnting of chromium, and comzlstiom of
initinY rejuirements ia mecn:nical testing facilities,

#hileo weitiar for the se=pletion of the cquirtisri nsces:ary
for procueins; very ~ira-purlity chrosium for tan Sundanental Investiga-
tion, surificetion =f slectrolitic zhreniw by high vecuuwr technijues
i8 being studled. -2 reaults hava indiested the porsibiliv ef pro-
dveing chreniwn of suffieisnt -urity to pernit machining cof caestings
into {ovns Jor experizental work in such ordninco applicetion as Zm
linors or nozzles. 7ha machining and teating of aspredimens o this me-
tel to bo nsed for a comprrison with veary high-purity metsl will prob-
ebiy give us o more eract idez of its potertiaiities. Th«¢ casting and
testing of irgots cre to bc doun 23 soon ar possiblc.

Tan desi;~ of oquirmont for rslativsely lavge-serle dictille-
tion ef crrouium tricxide, ccurorsion to chromic oxide. crd thar raduc-
2an with esleium hydride hag dusn rnexpletod, and the constrastion is
vell vader way,

A13 of thc Leryllia valvactory forma neecescasy e initlal
n:luirg and casting of chremiua are cn nhand, and the ceaticg of ingols
«nd precicion-cast tcat specimas is dun to kegin shortly. To cate,
+r.3 genoral characteristies of tha furnacen heve besn checred, end sore
¢hanges iv design heve been found necesearr. OChromiuvn har bsan succene—
#ully trestad in tir nolter coaditiov.

Exceptin:, for scre “routle with high temperature grips, the
leng and chert tim: tensils testing equipment is reedy for oper:tion.
Ar. attachment for the recording of an additicral curve on ithe atress-
slrair recorder, a plot of eloiagation vs. %ire,has been instelled and
checked. S

PURTFICATION I ZLECTSOLYTIC CHROMIIM

Since ve hrve hoen .oro3d to wels for the resesrir, ejquipneat,
to be built bafore proceacing wivh the production of rery hish-purity
chromiun irom the oxice, e&n intadim program of purifisation ¢f olectro-
lytic chromiun hes bren wnder way. “his program hes two nejor purposss.
X% nables us to wort out the tsehhiques for melting :mnd casting, and
it srovides data for comperisca with the forthcoming high-purity retal.

In the laat repcrt the possibility of using vucuume-refining
treatnents in the prrcduction of high-purity chromiu- was iscusged and
rojscted s8 a prim.yy process. However, it wes indicatod that some con-
bination ireatment using a hydrogen atmosphere might have rnerit es a
final step, but no ‘leta were availeble for equilibrium ca’cul:tions.




¥o have 3iac’ nade severa]l expurineat:l treatnents -I an elactrelyite
storting - t- -ial—in2lu.ing vie rm trectuent ot <2 Terc' res delos
melsdag. =ubl matior uadir hish vneuwr, reliing undar -rer, welting
unaer arscrn prus hydrcgen, and clistillation in 2 ay. rogen strosphare.
Yt all the cote oo avediable 3. yed, dut scze il.euwsciir ie possibla,
Belore diceur:ing tie re-ulte, ~ “lert surmary oo the Werl of previoua
rwetierior: with ~reawrr ireev.om:ts 2ecus advissule Tor @ background.

Froills? fioourecd tolaliy the teehringie cf degeesing chrouias
hv heet a1 a aigl vacutir at leareretur2e b:low tier =t vhich cppreci-
Lbla gyl lination ocevre, le m2-ticned o-ly ryurcee. 29 taing cefinitsly
avnlved pet-szid W i etirogen e heve been cerrins olf o higreor terpere-
tursr an rvidzaced g e e gly. By enelyir, & {sort o resphers, tha
chromfrye rouli be melted erd & Jlut-tletion carvied «at 1. desired,
Disti:lrtion 7ag vralerred to - tLisimbiom V-~ o n of the increaaing
AL ffiev'tyr e ludue or hoitlug of the charpe iv wi.e lattur proeoss «6
the mu.limeticn e1. - ovid “he & atie? between nicner. ou el o be ax-
macted, tha Jddstitli-i seuscd & lneraase In tio viry alils Loy
ties lr. (Lo sreduct. 1. menticnzd Lhe protled ¢ a it mle oxlae cone

tant wn clhocurolyzier ciowyium 27 notat that it e carri¥ ovoer into o
#oline e et i1d no: meailon 4% Gn rommcticn with disiiilstion.

~,

iea0ck? cove Tigwers £ Jrom 1.3 to 3.7 per cond for chremic
oxide conoont in als sperind slectrolytic chrenfima,  Vzeunaa neltirg ino
a linag erwedtle Afd oot nvwve erfentve in cobtden rawn T ackide. fa
attemot who rrce by dsoxdGize wodbon ehrombue oy phesine 4 steean cf
hrdroyes <rer 4t, and in 3o deiug, geme dietlllutuon ocrutred. o an-
alytical ceerlis wern gisuy for zlthar ths n2lt or the Ixt:zlleta, ex-
czpting vor ey ertdema: of todveceniotad cunic orustel stracture aw
the disiilleis. It vres cbeted e the caltiny ol eixonlun wadsy elthar
vacuy or hydrugen  cmoomiare &.wird regulteld in oxlle Inzrease, erd
the coure war sugges: el Lo be inieractici with ths erueiclae.

Sur firsi coposiventic’ work ccensisbud 2a o elnzls 7 cuan treut-
zeat In wrich the tampewature vt inorcesed  sliyviyy vhile naintaining -
high macuti. In ao::odarccea with Frenchi data® no Sirst evalution of ger,
whier ir spperanbly fydwoomm, cocwts mpidly st spiut 207° C, and e

ubstanbiali; compizie Yy ;005 (0. A spconc cvoluiloe occars ncticeably
batwasn L3¢ aad 14:0° 3. 1w s thou ht to Mo piircgen, sizece tho do-
canpasivion of the altrida sk oceur updar o doibrive sozditions ¢t
tenparniuras wall uwadsr 20302 . a2t ] cpleron prasicre.  Td3 nlsh torperae
ture at wilern <hle srolutlom ! ecbtuslly cbsoread a3 attzibated lo tas
faot that ths punmplns eapsaity wuet be exeeaded ~ofore 1 notissable vrosn.
sure inci2aso occurs. ‘Inis mewi: that the vauctlor must bscoma very
rupid to ta pleked up. The her lng of solid riwvomlum in hizh vacuwm

AKroll, W., METAL INDUSTRY . wol.. 47, 1935, pi. 5.

2krell, V., %Dapn Tuebtile Chrest. ,* ZEIT. FUP AXONG. 41D ALLGE. CHEM.,
vole 225, 145, n. R3.

33ecox, Fo, "Alloys of lrom Moscarci, lart V.-Preopurticn of Purs )
Chrorium, J. IR ND STEEL INST., wvol. 115, 1927, pg. 2:9.

4dshand, Lleusrarn. Billan, ¢ i Leatheny, “Sur La Weravr Ep Hydrogsne
et Le Durcte du iMrom Elsctrclyvtiyoees,” SCOHMFTES RENDUS,
vol. 196] 1533, 03 16640,




shculd be affeative In coudtin; hydragea, tub ladicaiicnz s that pri-
rafes bkt on appreci-ble 32iactlity theocugh: 1t the 3140 albrte. conly-
,8de 2 e anova o resiiual lieo e coatend of uwbout .0 co2p 2ot

Praviois S.wa'*l Lz *mve cer {ramw rt y Loncantst '.'th Che
ide: trzariy cunternt., ™ cm Bt hf !( iyl aa RS
apperrs tut the ox!la -oat ATt R S p-v e.,:- :
tim oriec high securn or b\. ) wnten 30 gl oW u e 0T
Ey tir omece neth:d B wgos o roctean ther ooan Latolvicla -,] raydre’
was 2l e 0L ceq om0 cart o e aribdel ..;‘ RESAN
eubl ooy a8 Fodiad 10 L e LD e Laari 3. fU et svaliyr
predust eoniniuel b e et odygen, e (Dt iig r‘:tq' Gt
in hrivogm eontain:sl .07 neve uonl elront mphril Wi Z.? oner
cont ir tas nelt. Lru v a2lso ewt dia bhe ey v .nl alureger
contast By nwout kol Soua 007 Y

A re~ 2 of fan r-'-n RILTOR 0T ® oY Loe Lrsaranie oF the

oida ccatnt iz tha ela:brn’n e cur - 1 T .1'. rast L TIvy
sublinsd ia vanan Thigte 7) -ml-cd R oo My
{(Frgure 7)), and dictiile? vles 5 ! f @ v
fleke exhinita n lerye .o unt T iaxtuw sotartel  Cte . beud.
#8 82en 31 ihe yrloture. It i Lhoceehd et
greety fron Dlevs v flare, vuncoun Uy 5

hivits ¢ T wther 0 Jral, Jed partict ig soa
grada Loundi ey pnierial. Yhe - L ustur: i 530 2V d:..:.s bt the oxide
is s:Pluwr2l at abert tk: o como o and éoyciad e 5 Ty Tae.
thet tus sapor yreicose: o€ tha ve.ndl ré :m.'.'l b\' : smllage,
The erearlys maltad under svge. md Wdvopen dibiie o
of globaler nxide. Appurently  <hwe oxid . ;
tho seriz malling scand.  The ig-drosen +i .00L ¢ atad eme Thavle
visltdy exl e, doet of tre L ok spotr In - e aseidyy 2r¢ sullshing
clus,

It is b e érav aay corelv-das e ogide pick-np daine
reiting on the weeis of rrotu. srcgrazhe, ol we 711 hinve rut faw
amilytical dats. lcwever on nx Do ;
tnare s apparestiy an erpruicitble nerresn.e u atlouing wtnler eny of
ths comditions. VWoe have used cloesnie cpaeidlea whisda & n-l oxhlont
visvel avidimeo of zecducticl &y b mea i odthar tm L3 tame n'-e
nove cailes in the ~etel 182ne: ariat :
tha swefrce.  loveset . dbia Soes soh e Dot the
wvhar v use the I TR TG S X3 SO EAURRL} B B T T S
get sone reaitlia nodizco. T e ume - nlivwaa v
from enoiher stawdedn?  hovee'r. The chre ey it
either ar ligquis o tap r for o Leoigrtn: 1See Fleace ) ené ccupen
& berdlng botwarn -l redel e2l oracillo Taring, scl:: t 4o in e
eracitle. lccomlingly. ¢ crucitie hine he i Lo be s ecdis o3 wilk eugn
nell. This penetr:tior 4o thoughi Lo ve rasyorsilie o1 ke lallurs
of roms cruveitlen holrpg nelti-z. Ancther fretor in *he “eilvre of i
nircenla wag prouaiy e fact thet the Samperatn o ond hars boen el
over 2000° ., sineo tho naefuce some axhibiied & eriit os of clthsr
& high degrece oi' sirtering or pertial melting.




One inzot Jaiech nad Yoen solidified in the ecrucitle :fter
having been meliad usier ydroyon i argen appeared to have 8o@aa
ductilizy. iccordinzly, Lt wac et vp in & Lluthe, avd the faca2 vae
partially aschinzd off a3 showr. in Figure 5. It macnined quite
freely nni, in aiiition, axhibi.tad sone degren of mallenbility under
harmar Hloe €0 TOOB tenparatut 2. Preuious Ingots hszd bsea 50 brittle
et 3 ivner ooow fracured wrm casily. Too ingot had a Tockwall 3
hardagsn 27 from 530 L2 5. fuz hior Gaisn on tals muterial 111 bs Te-
ported :.8 10N a3 in oty =nd te st sceclmens cm be c:ab.
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Product of Vacuw ublims.tion.
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& Yolished

Figure ?

As Polished

Figure 4

Figure 3 Chromium Melted under Argon and Hydrcgen.
Figure 4 Product of Dirtillation in Hydrogen.




Photograph of the Partially M ckined Feoce
of & Chromium Ingot which h: d been Yelted

under i rgon and llydrogen.

is Polished

100X

Figure 6
Photomlicrograph of the Interfaoce between & Zirconle
¢olidified in 1t. Penetrotion

Crucible and Chroniwn
of the Crucible by the Metel is Evident.
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FORNACY. LEVELOP..FNT

In the rcet ~onth we fwvr recelved enoaels -

T R 4 et enoagh teryllie materials
tr--set up 3 Pamsfz for meltdrp n® 2csting chromium. A seheaatdc
ddzerer ((Mzare 12) cthwas the n-a gezent in the furnaze and castiap
shember, anich are victar.d in Ilxrcs L7 and 1%, N

S ur--’zi', ‘:x:ﬁnr.:st'u: t :ies:i.a:r-.-:u's fo tial wo nay trest tee ~hromlum
champe ner elther nxin Jaguus or an wtmospher» mefcre porrian-, After
pzuring Intc the irrcatment moli', “he vacuur silde valie may be closed
and th2 ~essure inere:sed in the cactin: chatber to sreduze o mor)
acrurate, deaaser cartisg. #e hove not been ebl: to pora chromius to
date nzcins of the luz¢ of som: of the necessary refrictory parts.
Howaver, wn lave danl moraa troutin of the claetroirtic :Frowiim

in o erazibiz2 of v 8.me size o th.t in the castins ret=if to 7et

somn L1itiol orodblans solved. Some rnunzes bhave been lide in fLi1e “cneral
veeuun 3;7t2n and Lrastden hesfzar roil.

Tha teckricuc for meking precision cziting investronta for
the 250" Glameter Lennlle cpucivers has besn coveloped te ihe point
of testiny thenm f:x vacuvn: characteoristica. I addition, rolds for
2" dlgneor ingcte are to be 4ried.

SUCRANTCAL TESTNS TQUIPMLNT

"he Belcwin Yo=uthwerk tensile machine is still lacking grips
suitable for the mer: 2leveted temmeratures, but testing will bo possi-
ble mp to at least 1CCO° F. This range should te sufficizat for the
initial rork with chromium. In the mesntime we are tryini to et high
tempersaturs grips made of a lox cerbon N-155 alloy.

Tie attasucant Jor adaptine a ciress-ustrain recoxder to obtain

an odiltioaal curvi f»r alongation ve. line has oeen ret :p and found
to oparzte satisfacto:ily. It will tuke sore demree of practice for
an oparztor to bozcie proficient with it, however. A ruolcgruph of it

ray be =cex in Figure 8.

Tho stres:-rupture or long-timc tensile tester iu rexdy for
psriial speration it the seme ranpe of tampersivres e thi: tensile machinc.

Eigh tempsrature grips are also biing obtainazé for it. A phclograph of the
contrcl nenel and orc of Lhe f'our test frames are snom in Fizure 9.

For centrailing ihe temperature and timing the tests, tho usiring cire

endit shown in Figur: 13 has been desipned and found to wo:k satlafac-
terlly. Iy means o’ the double-pols, double-thiow switch, we are eble

to brisp whie furnuces up to temperature, using oply the Povers’at

(auto trunaformer) and then with the correct rower input sst throw the
controlle into tae cireait. During the heating cycle and power ade
Jaertmant, the conirollss functions only as an indicalor. The sicroswitch

— e )
SO i i gL eai wems

o




leads go .0 microswi’ches on the testirg frame., Th.s: are normally
closed ua:il failur: nceirs wher they apen ant cut o7°f heth control-
ler ¢ timer ecir:uainas for the verticular fuirnsce. 75 elininate the
aceensity fer & enld jurction fce b.:th; the whole ramal i3 :nclosed
and rudnteined at a congstent temperat.ire by the thernoswi ivh-resistaacs
heat!ng circuit.

J. H. Noore

}
i

: T tattin ot i KA AT 43 sl b+ e B




Figure 8 Figure 9

Ctrese-utrein Recorder ng Tine 7
with «n /tt:chment for Equipment.
ngation vz, Time Re-
cording.

4

Figure 11

me of Twin Vecuuwn ] Chemter for the
Furn:ces for Experi- : in Fizure 10.
rentel Melting «nd

Cacting.
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